Introduction {#sec1}
============

Systemic sclerosis (SSc) is a heterogeneous, systemic disease characterized by microvascular damage, disorders of the immune system and multiple organ fibrosis. The dominant component of SSc pathophysiology is vascular damage, which can occur early in the course of the disease and affect different internal organs mainly the lung, heart and kidney. Renal involvement is observed in 60-80% of patients with SSc, while clinically based kidney symptoms in 10-40% \[[@cit0001], [@cit0002]\]. In the majority of cases, chronic renal involvement is found, which develops slowly over the years and leads to moderate renal function loss, often clinically unapparent, in 50% of the affected \[[@cit0002]\]. Apart from chronic kidney disease (CKD) with slow deterioration of the glomerular filtration rate (GFR), the other forms of kidney involvement in SSc are: scleroderma renal crisis (SRC), which affects about 10% of SSc patients, normotensive SRC, microalbuminuria, proteinuria and rather rare vasculitis \[[@cit0003], [@cit0004]\]. An interesting form of renal involvement in SSc is antiphospholipid-associated nephropathy with overproduction of antiphospholipid antibodies (aPL) \[[@cit0004]\]. The aPL antibodies are directed against phospholipids and their binding proteins and are frequently found in association with different connective tissue disorders (CTDs), such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), mixed connective tissue disease (MCTD) or SSc. Connective tissue disorders with aPL antibodies may cause a diagnostic dilemma as many manifestations, e.g. hemolytic anemia, thrombocytopenia, neurologic manifestations, leg ulcerations, serositis, proteinuria, deterioration of GFR, may occur in both, CTDs and diseases associated with the presence aPL antibodies \[[@cit0005]\]. The prevalence of aPL antibodies in SSc ranges from 13 to 50% but antiphospholipid syndrome (APS) occurs in less than 1 % of SSc patients \[[@cit0005]-[@cit0009]\]. Moreover, some reports describe, severe vascular complications in SSc patients, such as pulmonary arterial hypertension (PAH), proteinuria, deterioration of kidney function occurring more frequently in aPL positive patients though none of the patients had clinical features of APS \[[@cit0010]\]. In the literature available, there are some data about the influence of aPL presence on GFR but no information about long -- term influence of aPL antibodies on GFR in patients with SSc \[[@cit0005], [@cit0006], [@cit0008]\]. The aim of the study was the assessment of changes in GFR markers during the 24-months observation of a group of SSc patients with and without chronic aPL positivity.

Material and methods {#sec2}
====================

We included in the study 50 (41 female \[F\] and 9 male \[M\]) SSc patients admitted to the Department of Rheumatology and Connective Tissue Diseases. Patients fulfilled the American College of Rheumatology (ACR) classification criteria of SSc \[[@cit0011]\]. They were classified according to the criteria of Le Roy *et al.* \[[@cit0012]\] as having either limited (lcSSc) or diffuse (dcSSc) cutaneous subset of the disease. The characteristics of the group are listed in [Table 1](#t0001){ref-type="table"}. We assessed patients in day 0 and 24 months ±6 months after day 0. After 24 months, we examined 27 patients -- 9 patients died and 14 patients lost follow up. The causes of death are presented in [Table 2](#t0002){ref-type="table"}. Two patients from 9 had positive aPL antibodies. We could not include the patients who died in the follow up group because we did not have the serum samples of these patients after the 24-month period. Twenty-four patients (88%) were treated persistently with angiotensin-converting-enzyme inhibitors (ACEIs). Serum samples were obtained from each patient. Serum creatinine levels (S-Cr), serum cystatin C levels and GFR were determined in all patients. S-Cr levels were determined by the enzymatic method according to ISO standards using the Olympus AU 640 analyzer. Normal values range from 0.6 to 0.9 mg/dl. The serum cystatin C level was determined by particle-enhanced immunonephelometry with the Behring nephelometer system. Its normal values range from 0.53-0.95 mg/l. GFR was estimated according to the Cockcroft-Gault equation (CG) and Modification of Diet in Renal Disease (MDRD) study equation. The formulas were as follows:

###### 

Characteristics of the study group

  ----------------------------------------------------------------------------------
  Parameter                      SSc              Group I aPL(+)   Group II aPL(-)
  ------------------------------ ---------------- ---------------- -----------------
  Number of patients             50               28               22

  dcSSc\                         23\              15\              8\
  lcSSc                          27               13               14

  Age (years)                    52.6 ±13.4\      54.6 ±14.1\      50.0 ±12,2\
                                 (range 19-76)    (range 19-76)    (range 20-68)

  Duration of diseases (years)   6.2 ±6.0\        6.6 ±6.4\        5.3 ±5.4\
                                 (range 0.5-26)   (range 0.5-26)   (range 0.5-23)
  ----------------------------------------------------------------------------------

Data were presented as number

###### 

The cause of death in the study group

      Gender   Age   Type of SSc   Disease duration (years)   Cause of death                    Presence of aPL
  --- -------- ----- ------------- -------------------------- --------------------------------- -----------------
  1   Male     57    dcSSc         0.5                        Gastric cancer                    (--)
  2   Female   48    dcSSc         6                          Sudden cardiac arrest             (--)
  3   Female   68    lcSS          14                         Pulmonary arterial hypertension   (+)
  4   Female   45    dcSSc         7                          Pulmonary insufficiency           (--)
  5   Female   66    dcSSc         4                          Sudden cardiac arrest             (--)
  6   Female   63    dcSSc         5                          Pulmonary arterial hypertension   (--)
  7   Female   38    dcSSc         8                          Pulmonary insufficiency           (--)
  8   Male     43    dcSSc         4                          Right heart insufficiency         (--)
  9   Female   39    dcSSc         5                          Suicide                           (+)

> CG = {(140 -- age) × body weight (kg)}/72 × S-Cr \[× 0.85 in females\] (ml/min/1.73 m^2^) \[[@cit0013]\]
>
> MDRD = 186 × S-Cr ^--1.154^ × age ^--0.203^ \[× 0.742 in females\] (ml/min/1.73 m^2^).

The stratification of CKD was based on the recommendations of K/DOQI Stages 1-5 \[[@cit0014]\]. Proteinuria was defined as higher than 0.5 g per 24 hours and determined using the enzymatic method. Subjects were examined for the presence of the chosen aPL antibodies: antibodies to cardiolipin (acl) in IgM and IgG classes and antibodies to a-β2 glycoprotein I (a-β2GPI) in IgM and IgG classes. Titers of acl and a-β2GPI antibodies were determined by commercially available enzyme linked immunosorbent assay (ELISA) kits. ACL antibodies were detected using the AUTOSTST II ACA Isotype by HYCOR whereas a-β2GPI antibodies -- using ELISA IgM and IgG by Euroimmun. Results were considered positive when the concentrations were higher than 15 MPL U/ml or GPL U/ml IgM and/or IgG class acl antibodies, and higher than 20 RU/ml IgM and/or IgG class a-β2GPI antibodies. APL antibodies were measured at the beginning and at the end of the study. According to the presence of significant levels of at least one of aPL antibodies, patients were divided into two groups: group I -- patients with positive aPL(+) antibodies -- 14 (11 F, 3 M), 9 with dcSSc and 5 with lcSSc, and group II -- patients with negative aPL (--) antibodies -- 13 (11 F, 2 M), 5 with dSSc and 8 with lSSc. All calculations were performed with Statistica 10.0 PL. Because of non-Gaussian distribution of variables, data were analyzed with the following nonparametric statistical methods: *U* Mann-Whitney test and chi-squared tests for comparisons between groups. Wilcoxon non-parametric test was used for comparison of repeated measurements. *P* values \< 0.05 were considered significant.

Results {#sec3}
=======

According to our observations, after 24-month follow up, 14 (52%) from 27 patients had positive aPL antibodies. The same 14 patients had positive aPL antibodies at the beginning of the study. There were no statistically significant differences in the prevalence of decreased DLCO, ILD, PAH, heart involvement, gastrointestinal tract involvement, prevalence of arthritis or arthralgia, myalgia and digital ulcerations between the aPL positive and the aPL negative group ([Table 3](#t0003){ref-type="table"}). Furthermore, we did not find significant differences in S-Cr levels between group I and group II before and after 24 months of observation. No statistically significant intergroup differences were found in GFR estimated by the C-G and MDRD formulas before and after 24 months of observation. Moreover, we did not find significant differences in cystatin C levels before and in follow up between aPL negative and aPL positive (Mann-Whitney test) ([Table 4](#t0004){ref-type="table"}). In follow up observations, the presence of anti-centromere antibodies (ACAs) was significantly more frequent in the aPL positive group compare to the aPL negative group (77% vs. 0.0 %; χ^2^ = 5.93; *p* = 0.01) ([Table 5](#t0005){ref-type="table"}). There were not significant differences in the presence of a-Scl-70 antibodies between both group. Interestingly, in follow up, the level of acl antibodies in IgG class was significantly higher in dcSSc compare to lcSSc group (dcSSc: 27.64 U/ml vs. lcSSc: 10.78 U/ml; *p* = 0.02; *U* Mann-Whitney test) ([Fig. 1](#f0001){ref-type="fig"}). We also found that in follow up aPL positive group, the hemoglobin (Hg) level was significantly lower in the dcSSc group compared to the lcSSc group (dcSSc: 11.6 g/dl v. lcSSc: 13.6 g/dl; *p* = 0.03; U Mann-Whitney test) ([Fig. 2](#f0002){ref-type="fig"}). We showed that in follow up aPL negative group, proteinuria was significantly higher in patients with dcSSc compared to lcSSc patients (57.1% vs. 0.0%; χ^2^ = 5.71; *p* = 0.01). This results refer to the percentage of patients. We did not observe history of thrombosis, emboli or miscarriage in our study group.

###### 

The clinical characteristics of aPL positive and aPL negative groups

                                       aPL(+) *n* = 28   aPL(--) *n* = 22   *P* aPL(+) vs. aPL(--)v
  ------------------------------------ ----------------- ------------------ -------------------------
  ILD (HRCT)                           16 (57.4%)        13 (59.1%)         0.904
  Decreased DLCO                       19 (67.8%)        11 (50.0%)         0.202
  Heart involvement                    14 (50.0%)        8 (36.4%)          0.336
  PAH (ECHO)                           9 (32.14%)        4 (18.2%)          0.265
  Myalgia                              7 (25.0%)         5 (22.7%)          0.804
  Myosistis                            5 (17.86%)        3 (13.6%)          0.683
  Arthralgia                           25 (89.3%)        18 (81.8%)         0.448
  Arthritis                            12 (42.9%)        7 (31.8%)          0.466
  Gastrointestinal tract involvement   19 (67.85%)       19 (86.4%)         0.127
  Digital ulcerations                  9 (32.14%)        5 (22.7%)          0.461

Data were presented as number and percentages

###### 

Renal function test in aPL(+) and aPL(--) before and after 24 months

                           aPL(--) *n* = 13 (Group II) before after 24 (±6) months   aPL(+) *n* = 14 (Group I) before after 24 ±6 months                                      
  ------------------------ --------------------------------------------------------- ----------------------------------------------------- ---- -------------- -------------- ----
  serum creatinine mg/dl   0.88 ±0.16                                                0.97 ±0.39                                            NS   1.02 ±0.352    0.96 ±0.289    NS
  cystatin C mg/l          1.26 ±0.59                                                0.90 ±0.24                                            NS   1.45 ±0.42     1.19 ±0.65     NS
  Cockcroft-Gault ml/min   82.93 ±25.03                                              85.23 ±35.77                                          NS   76.59 ±23.60   76.37 ±25.92   NS
  MDRD GFR ml/min/1.73m2   78.64 ±17.50                                              78.82 ±32.66                                          NS   71.89 ±24.78   76.43 ±24.61   NS

Data were presented as number

###### 

The presence of ACAs and a-Scl-70 antibodies in the aPL positive and aPL negative follow-up group

           aPL (+) *n* = 14   aPL(--) *n* = 13   *P* aPL(+) vs. aPL(--)
  -------- ------------------ ------------------ ------------------------
  ACAs     10 (77.0%)         0 (0%)             0.01
  Scl-70   9 (64.3%)          6 (46.1%)          0.35

Data were presented as number and percentages

![Comparison of the level of cell antibodies in IgG class in the dcSSc and leSSc group](CEJI-42-30443-g001){#f0001}
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Discussion {#sec4}
==========

The pathomechanism of kidney damage in SSc is still a matter of debate. The etiopathogenesis was presumed to be a series of damages to the kidneys resulting in endothelial injury, intimal proliferation, and narrowing of renal arterioles leading to decreased blood flow and hyperplasia of the juxtaglomerular apparatus \[[@cit0003]\]. Although SRC is rather rare in patients with SSc, pathological studies have demonstrated a very high incidence of renal vascular changes, at normal renal function and normal blood pressure. It is known that the GFR remains a cornerstone in evaluation of renal function in patients with SSc, especially in chronic subclinical forms in which S-Cr and other parameters are normal. According to different studies, more than 60% of SSc patients develop subclinical renal damage with slow deterioration of GFR \[[@cit0004], [@cit0015]\]. There are different methods to estimate GFR. According to our previous study, estimation of renal function in SSc patients using the MDRD and serum cystatin C levels was found to be more accurate than evaluation of GFR using the C-G equation and S-Cr levels \[[@cit0006]\]. Mohamed *et al*. showed that calculations of GFR using the isotope method, such as the classic Gate's method with labeled iodothalamate and technicium (Tc)-99m diethylenetriamine-pantacetic acid (DTPA) was a more reliable method compared to the C-G equation or MDRD \[[@cit0015]\]. Other methods, such as insulin clearance or Cr-EDTA clearance, used to estimate GFR, were too costly and time-consuming \[[@cit0015]\]. Moreover, renal Doppler studies or angiography should be considered in SSc patients with reduced GFR to rule out early renovascular involvement \[[@cit0015]\]. In our present study, we estimated GFR using cystatin C levels, C-G and MDRD formulas. According to our observations, there were no differences in S-Cr, cystatin C levels and in GFR estimated by the C-G and MDRD equations before and after 24 months of observation, both in the positive as well as in the negative aPL group. According to literature, aPL antibodies are present in a large proportion of SSc patients who do not have clinical features or a history of APS. The aPL antibodies level were usually lower in SSc patients than in patients with clinical antiphospholipid syndrome. The particular role of aPL antibodies in clinical manifestations of SSc is still unknown \[[@cit0016]\]. In numerous studies, aPL antibodies, such as acl and a-β2GPI antibodies, have been implicated in arterial and venous microthromboembolism, recurrent miscarriage and endothelial injury in SSc patients, and are likely to be one of the causes of renal function deterioration in SSc. Some studies have suggested that acl antibodies and lupus anticoagulant are involved in renal thrombosis in non-APS patients. APS nephropathy has been described in SLE/non-APS patients with positive aPL antibodies; however, it could also develop in SSc/non-APS patients with positive aPL antibodies \[[@cit0004], [@cit0017]\] APS-nephropathy, characterized by vascular involvement associated with hypertension, acute and/or chronic kidney failure and low-grade proteinuria \[[@cit0017]\]. Bussone at al. have demonstrated thrombotic microangiopathy in 43% SSc patients in the course of SRC \[[@cit0018]\]. According to Morrisroe *et al*., the presence of aPL antibodies is associated with interstitial lung disease (ILD), pulmonary arterial hypertension (PAH), Raynaud's phenomenon and digital ulcers \[[@cit0019]\] and suggests that endothelial abnormalities and small vessel thrombosis may be important in the pathogenesis of these SSc features \[[@cit0019]\]. On the other hand, there are some data, which do not find significant differences in clinical manifestations of SSc between the aPL positive and aPL negative group \[[@cit0008]\]. However, in the majority of papers, mean serum levels of aPL were below the cut-off values required for the diagnosis of APS, and the issue whether low titre aPL are pathogenic or not in SSc patients is open to debate \[[@cit0006], [@cit0010], [@cit0019]\]. According to Ames, these SSc/aPL studies imply that under appropriate oxidative conditions low titre aPL may worsen some vascular clinical manifestations through enhanced lipid peroxidation and enothelin 1 production \[[@cit0010]\]. In our previous study, the presence of acl and a-β2GPI antibodies in IgG class was found correlated with deterioration of renal function in SSc patients. Subjects with relevantly higher levels of IgG acl antibodies had significantly higher levels of S-Cr, serum cystatin C and decreased GFR estimated by the C-G and MDRD formula. Furthermore, prevalence of proteinuria was significantly higher in patients with dcSSc compared to lcSSc patients, both in positive and negative aPL groups \[[@cit0006]\]. In the present study, in follow up observations we did not observe differences in renal function parameters between the aPL positive and aPL negative groups. Interestingly, in follow up observations the presence of ACAs was significantly more frequent in the aPL positive group. The present results are comparable to the previous data as for proteinuria, which was significantly higher in patients with dcSSc compared to lcSSc patients, in the negative aPL group. Moreover in follow up observations, the level of acl in IgG class was significantly higher in the dcSSc group, compared to the lcSSc group. To sum up, the pathomechanism of kidney damage in SSc is extremely complex and is still a matter of debate. The most probable mechanism is endothelial injury induced by angiogenetic and angiostatic factors, such as endothelin 1, vascular endothelial growth factor, thrombomodulin, which leads to vascular lesions with generalized microangiopathy and systemic fibrosis \[[@cit0020]\]. Moreover, aPL, such as acl and a-β2GPI antibodies, have been implicated in various adverse events, including arterial and venous microthromboembolism, endothelial injury and APS nephropathy \[[@cit0021]\]. The findings of our previous study indicate that the presence of aPL may deteriorate renal function in SSc patients. According to our present observations, chronic positivity for aPL antibodies does not significantly decrease the GFR in patients with SSc treated with ACEIs. The available literature lacks information about long-term influence of aPL presence on GFR in patients with SSc. Our study has some limitations, e.g. a low number of patients, lost follow up. Another limitation was that 24 of 27 SSc patients were treated with ACEIs so the statistical analysis includes 3 patients not on ACEIs chronically. A meaningful finding of our study is that SSc patients with chronic aPL positivity should be treated with ACEIs to protect their kidney function.
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